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Tl,, present Invention ret.tes to tm Y"™;^^,^^^ 
po„tetrat.uoroeth,Un. products. Kore '"'^^I'^. lTX 

nurltlon .e.U. as substrates tor coat.n.s. an. oth s as 

will be obvious to those skilled In the art. 

r:^!^:^:'^^^'^^ a.rper.eabnit1es on the 
! Z metric permeability units (»h1ch corresponds to a 

7Z:^:^o.^- U.S. Patent MS,.3« describes s.h 
roducts having air permeabilities on the order o ' 

:;:;;rr:.:;rs::c:;^^^^^^^^^^^^^^^ 

1; r.;s«l as Gurley n.*ers of 6.5 to .7.5 seconds (.h,ch 

"Tr.":rnror ^^^^^^^^^^^^^ ~ 

per.eab.,ities ^^^^ z:^::^^ 

..r. co-rclal , un no«,^ T \T TJ^<« PO-ltUs at 
TZ:ZT:ZL one .1, -suan, led to products 

"^''^.TsMrbr::: rrr.'lbr.nes h1,her a. 

'-ir'tarer:::; rraruuterai::.:: . the 

irrr rb'arrn ;:r;r«d'.1th ^r.nes ,1th s.n 

Ld hi,h eniciencus o, parti^^^ ;:r;;:„,;r rch 

a measure of the number of particles p 
are prevented from penetrating a filter. 
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in the computer disc drive industry, where extreme cleanliness is 
imperative to success, it is recognized that it is more important 
to reduce particulate contamination quickly by recirculating the 
air more rapidly through a more permeable, less efficient filter, 
and to get to a similar level of total contamination as one would 
get more slowly with a high efficiency filter . To achieve this 
end polytetrafluoroethylene membranes with much higher air 
permeabilities than have been available heretofore were required. 
Commercially available porous expanded polytetrafluoroethylene 
membranes for filtration membranes have air permeabilities of up 
to a Frazier number of 70 and efficiencies of about 931 when 
challenged with sodium chloride (0.3 urn particle size) aerosols at 
10.5 feet per minute space velocity. 

«)1IHHPPY "THP TtiVEHnON 

This invention provides thin, porous low density expanded 
polytetrafluoroethylene membranes with very large pores and very 
high air permeabilities. The open membranes or webs have 
structures defined by series of rows of nodes running transversely 
across the membrane. The membranes of the invention have 
porosities equal to or greater than 95%, densities of 0.29/cc or 
less, thickness below 1 mil and air permeabilities between 100 and 

300 Frazier numbers. 

To obtain the membrane of this invention it is necessary to 
first stretch the membrane tape while wet with extrusion aid. 
This is done by stretching the wet tape to at least 1 .5 times 
preferably 2 to 4 times its original width. It has been found 
that when said wet stretching is included in the process, the 
ability of the subsequently dried tape to longitudinally expand is 
markedly increased. If the stretching is done in several steps, 
many tapes can be expanded up to 30 times their original length 
Subsequent transverse stretching to at least 1.5 times, preferably 
6 to 11 times the original width. Preferably, this last stretch 
step is followed by sintering to amorphously lock the membrane 
structure provides very open diaphanous webs. 
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0.rlng Initial longitudinal stretching, rows of 
,o«d which ar. substantially continuous bars of d.nse tightly 
nacked particUs in which nodes are connected to nodes 
tran ersely and the rows of nodes are connected to each other 
, dinany b, fibrils. During continued stretching, t e s 

Odes for. seller individual (usually less^than 1 «. 
largest dimension) nodes or dumps of small nodes, which a e 
0 ned to each other by fibrils «id the rows of nodes are Joined 
a h other by very long fibrils. Hhen stretching approac es 
. e top li.its of the invention, providing membranes - " ' 
ler Of 200 to 350. the nodes are virtually a, separated and 
eve themselves begun to have a fibriUated 

It has also been found that the openness or permeab.lity of 
■H l.br,nes is increased by using larger amounts of extrusion 
, W:.. of .he particular resm to pro,.-, . coherent 

and uniform extrudate. 

Figure 1 is a Scanning Electron Micrograph of the membrane of 
. n in Table 11 at lOOO magnifications Illustrating the rows 
rfTr::s:e:se f'inaLd nodes connected hy bundles of fibrils 

the lonoitudinal fibrils forming large pores, 
ourt a drawing depicting the structure seen in Igure 1. 
The In fi rils 1 connect the rows 2 of transverse fibrillated 
nodes 2 cllnected'b, bundles of fibers 4 resulting in large open 

'""nLe 3 is a drawing depicting the .flulpment used for 
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regulator 2 and needle value 4 to adjust the flow measures by 
flowmeter S. A known amount of air i at a controlled flow rate 
passes into the upper stream chamber 1 which holds the sample 
membrane 2 sealed to the down stream chamber Ifl by seals U. The 
resistance to flow of the air induced by the membrane is measured 
in a water-filled u-tube manometer li- 

nFSn^°T^"H OF TWVENTIOH 

The products of this invention are thin, porous, low density 
membranes of expanded polytetrafluoroethylene whose structures are 
defined by a series of rows of nodes running transversely across 
the membrane. These nodes appear early in the longitudinal 
stretching process as bars of dense, tightly packed particles; the 
bars can be considered to consist of nodes connected to nodes 
transversely and the series of bars are connected to other bars 
longitudinally by fibrils. After Tongitudinal and transverse- 
stretching as described herein the bars have become broken up and 
form very small particles or clumps of particles (or small nodes) 
usually 10 urn or less in the longest dimension. The small nodes 
are joined to other such nodes by fibrils and bundles of fibrils 
and the series of rows are joined longitudinally by very long 
fibrils. When the stretching is carried out to provide membranes 
with Frazier numbers of about 100 or above, even the nodes appear 
to take on a fibri Hated nature. 

The pores in these membranes are so Urge that the usual 
method of estimating pore size by ethanol or methanol bubble point 
fails. Using scanning electron micrographs and physically 
measuring the dimensions the majority of the pores appear to have 
areas of about 40 iim^ to 200 ^Jm^. Membranes of this invention 
have air permeabilities of 100 to 300 Frazier numbers preferably 
150-300. and filtration efficiencies of 35% to 60X at 0.3 urn 
particle size. 

Air permeability, as used herein, is expressed as Frazier 
numbers, which ordinarily means the volume of air In cubic feet 
passing through one square foot of sample under a differential 
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pressure of 0.50 Inches of water per minute. Herein, the razier 
number Is a calculated value determined from the air resistance 
measurements described herein. The calculation is: 

^^^•^^ • a Frazier Number 

ram water resistance 

P„™suy as -se. .ere,„ IsJ^™!^!^' 
Porosity • 1^0 

S.G. - specific gravity 
The polytetrafluoroethylene used herein is coagulated 
dispersion or fine powder polytetrafluoroethylene. Several such 
resins that have been used demonstrate that the various 
^° clercially available fine powders from the "veral supplier of 
such resins are suitable in the process. Some such resins can 
::rerate more extrusion aid than others and still yield products 
within the range of permeability desired. Some such resins 
within tne rang " ^ cD-1 available from 

suitable for use are Fluon* CD-1Z3 ano riuon v. 
Id Americas. Inc., although there is some batch to batch 
variability which alters how much they can be expanded. E ^ 
dJpont de Nemours and Co.. Inc.. also manufacture Teflon* fine 
powders that are suitable for use. - 

The coagulated dispersion powders are lubricated with 10 
'° cc/lb to 250 cc/lb of a hydrocarbon extr.slon aid. preferably an 
.1 ;! m^npral sDirit such as Isopar K (made by Exxon Corp.). • 

:„ ,.tr„..r to ror. Up.s. TM t.p. 1. '"P""^, 
^ roll, to .pproprUt. tMclu..ss. """".^V.,! The 
^ t,.. is stretched to 1.5 to 5 t1«s Its original .Idtti. The 

P.L longltudloetl, b.t...n banKs of rolls n a space a« 
t t-^erat-r. that Is he,., the - * "'J ^ 

The lonoltodlnal expansion Is repeated up to 6 tines » 
^» e,U7on of at least 5 tl»es and up to 30 t.«s the original tape 

length. 
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m. each step of longitudinal expansion, the payoff rolls can 
be made to rotate more slowly than the take-up rolls so effecting 
the expansion. The tape is allowed to neck down, both transversly 
and in thickness during the longitudinal expansion. Care must be 
taken to avoid splitting of the tape during these expansions. 

Next the tape, after the longitudinal expansion, is expanded 
transversely at a temperature that Is less than 327-C to at least 
1.5 times and preferable to S to.ll times the width of the 
original extrudate while restraining the membrane from 

longitudinal contraction. While still under constraint the 
membrane Is preferably heated to above the polymer melting point 
(327'C) and then cooled. 

The effect of varying the amount of extrusion aid on the 
permeability of the final film is Illustrated In the examples. 
Briefly, increased amounts of extrusion aid result In Increased 
air permeability (or lower resistance to air flow) In the 
membranes made with the same amount of expansion. Generally, for 
this process extrusion aid levels below about 130 CC/pound of 
resin are not used. The particular polytetrafluoroethylene resin 
being used largely determines the maximum amount of extrusion aid 
that can be used. Some resins are more tolerant to large amounts 
of lubricant, whereas others require less. Over-lubricated 
powders produce non-uniform extrudates which tend to fracture 

during expansion. 

Similarly, the permeability of the final membranes Increases 
with increased amounts of expansion at the same lubricant level. 
This too Is illustrated in the examples. 

It is unexpected and surprising, and contrary to previous 
experience that a general purpose polytetrafluoroethylene 
coagulated dispersion powder such as Fluon* CD-l. should expand to 
the extent needed to provide the products of this invention. In 
fact in this process, some batches of Fluon CD-I out perform 
Fluon CD-123. providing membranes with higher Frazler numbers from 
similarly lubricated powders and similar amount of expansion than 
does Fluon CO-123. 



wo 90/08801 



PCrAJS90/00498 



-7- 



10 



The longitudinal expansion provides the row of nodes connected 
by nodes and some fibrils across the tape and long longitudinal 
fibrils which connect the rows. The transverse expansion breaks 
or cracks the clumps of nodes or bars to provide very small nodes 
with many fibrils connecting node to node both in the transverse 
and longitudinal directions. This creates an open or porous 

'^'^irn'this open, but strong structure that provides the high 
permeability of the membranes or webs of this invention, and . 
provides extremely thin, highly porous and very low density, while 
still having sufficient strength for use in filtration. 

in a preferred embodiment, the polytetrafluoroethylene 
coagulated dispersion powder Is lubricated with. 140 to 190. cc of 
isopar K extrusion aid per pound of resin. The lubricated powder 
is compressed into a cylinder and extruded in a ram extruder to. 
provide a tape. The tape Is compressed between rollers to between 
5 and 10 mils and is stretched transversely to 2 to 4. most 
preferably 3 times Its original width. The lubricant is dnven 
off by heating to about ZIO'C. Longitudinal expansion Is 
performed in an apparatus as Illustrated in Figure 3. The dried 
'° tape is fed Into a bank of 3 or 4 rolls which are driven at a 
controlled but variable speed. The tape passes through a zone 
heated to a temperature below the polymer "-el ting point (327 C) 
preferably to 250* to 300-C and then Into a second bank of 3 rolls 
are driven Independently of the first bank and whose speed 
^ IS also variable. Expansion takes place by having the second set 
f rolls rotating «,re rapidly than the 

expanded longitudinally In 2 to 6 steps to a total of from 1.5 
t m to up to 30 times its rolled down length, depending upon the 
r permeability desired. During the longitudinal expansion the 
3° tape both narrows and thins due to necking. The tape is th 

expanded transversely at a temperature below its polymer me ting 
Zt r327-C.) preferrably at 250" to 300'C. to 7.0 to 11 times 
US original extruded width. The transverse ^^^P^^^^^" ^ 
performed while constraining the membrane from ^^n^^t^m^^ 
linkage. The membrane is heated to above the polymer melting 
t ( 327-C.). more preferrably to 360-C. and then, cooled. 
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When performed under the aforedescribed conditions, highly 
porous, very thin expanded polytetrafluoroethylene membranes with 
permeabilities to air up to Frazier numbers of 300 are produced. - 

Physical properties of a typical membrane (Example 3) produced 
by this invention are shown In Table 1. 

The products of this invention find use in air filtration 
equipment used in areas demanding rapid attainment of extreme 
cleanliness, in surgical masks, vacuum cleaner filters or bags, 
exhaust filters and generally 1n recirculating filtration 
equipment. 
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Membrane of 
Example 3 
Properties 
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Frazler Number 
Density (g/cc) 
Porosity (X) 

Thickness (mils) ^'^ 
Water Entry Pressure (psi) 0-36 
Filtration efficiency with 
0.3 um aerosol 

Matrix Tensile Strength (psi)* 21292 ± 3002 

*Matr1x tensile strength is determined by dividing the maximum 
force to break by the cross sectional area of the sample and 
multiplying by the ratio of the specific gravity of the solid 
polymer divided by the specific gravity of the sample material. 
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Thickness 

Thickness is determined from one ply of membrane 5 inches by 5 
.ncbis fauare using shim stock so as not to compress the membrane 
while measuring thickness with calipers. 

ppnsitv 

Density U d.t»m1rei b, «.gMn, the 5 Inch by 5 inch s,u.re 
STL to .etemin. thlCness an. CcuUtln, the .ensUy. 

Tensile str,n,th is detemined by the method described in AS™ 
D882. 

mn tintrv pressure 

Mater entry pressure vas measured by mounting a membrane 
Water ^ ^ to damage the membrane, 

sample on a test plate taking ^^^^ 

-redtr;':::^^^^^^^^^^ 

Chen,. Of nl tf vo d r oLous resuits fr» 

thro«,h ,n t . raK\hro„,h «s recorded as the 

rrirpress::.' : «.oi™» sanies «re tested and 

the average of the results was reported. 

Mr per«.bllity is calculated ysin, the resistance to tlo- 
■easureients. .resistance" is defined. 

";,rarrd;re;::arrr::;dre across . ... o, a. 
Idst sufficient to cause air to fio. t^^^^^^^^ - 

,,eet at a chosen air '^'o^^'-/-^;/;, ' uJ. ^"in, an 
aifferential pressure measured in m of wter coium 

air velocity of 3.2 ""'•I"- 
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Resistance is measured as follows: a hollow test chember is 
damped about a sheet of media such that the sheet partitions the 
chamber interior into two separate compartments, and such that the 
junction of the chamber walls and the sheet is throughput its 
perimeter well sealed. This sheet has some known area exposed to 
the chamber interior as defined by the inner perimeter of the 
seals. 

The chamber compartment that is on one side of the sheet is 
freely vented to the atmosphere. On the other side of the sheet, 
the other compartment is sealed to some source of controlled air 
flow. This source is provided by an air compressor, a 
receivingtank. a pressure regulator, a needle valve, and a 
flowmeter. 

The air source is adjusted to deliver the correct air flow, 
equal to the aforementioned known sheet area multiplied by the. 
desired air velocity (and therefore having the correct dimensions 
of volume per unit time). For example, if the sheet area defined 
by the seals is 0.15 ro^ the correct flow would be: 
(0.15 m^) X (3.2 m/rain.) - (0.48 m /min) 

A sensitive differential pressure'sensing device, such as a 
water-filled "U" tube or an electronic transducer, is connected to 
the two chamber compartments such that it registers the pressure 
differential across the sheet. 

The sheet sample's resistance is measured by sealing the sheet 
between chamber parts, establishing the correct air flow through 
the chamber and sheet, and detecting the resultant differential 
pressure. 

Moreover, additional optional precautions to improve the 
accuracy of measurement include the chamber being double-walled 
and the seals doubled, such that a guard zone separately surrounds 
the known sheet area, and this surrounding space plumbed to 
transport additional air identically through the guard zone, such 
that the inner seal which defines the known area envoys equal 
pressures within and without., and zero leakage is guaranteed from 
the critical inner chamber. 
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Also, the flowmeter Is a precallbrated laminar flow element, 
whose linear differential pressure output is read by the same 
pressure instrument through valving, such that scaling and 
viscosity (temperature) errors are to a first order cancelled and 
the determination is in fact rationmetric. 

The ratio of absolute pressures is measured between the 
flowmeter and the downstream chamber compartment, and an ideal gas 
law correction is applied, such that a volumetric flow is rightly 
determined at the downstream face of the sheet. 

Using resistance values in mm water pressure across the 

sample, Frazier numbers are calculated by: 

133.33 - Frazier number 
mm H^O 

Frirl""'-^ Testing 

The filter efficiency testing is done using a similar 
apparatus/housing as the resistance test. A well mixed, sodium 
chloride aerosol in an air stream with a known velocity is 
directed thru a sample of air filter media. A small sample is 
taken of the challenge air stream and the penetrating air stream. 
The samples are channelled thru to dual laser particle counters 
which give an accurate count of the sodium chloride particles in 
each air stream. A penetration value is the ratio of the counts, 
of particles larger than 0.3 um in the penetrating air 
stream/counts of particles larger than 0.3 um In the challenge air 
stream. The 1 efficiency value is 100 minus percent penetration. 

The table Illustrates the effect of different hydrocarbon 
extrusion aid lubricant levels and of stretch lengths on the air 
permeabilities of the membranes. 

Examples 2 and 3 demonstrate the degree of repeatability of 
the process. Examples 1 and 2 demonstrate the effect of higher 
longitudinal expansion at constant extrusion aid levels on to air 
permeability. 
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Polytetrafluoroethylene fine powder. Fluon® CD-I (available 
fron, ICI Americas. Inc.) was blended with Isopor K (available from 
Exxon Corp.) at the rate of 170cc of Isopar K/pound of fine 
powder. The lubricate powder was compressed into a cylinder and 
was ram extruded to provide a tape. The tape was compressed 
between rolls to a thickness of 7 1/2 mils and was stretched 
transversely to 2.4 times its original width. The Isopar K was 
driven off by heating to 210»C. The dry tape was expanded 
longitudinally between banks of rolls in a zone heated to 250-C. 
The ratio of speeds of the second bank of rolls to the first bank 
of rolls was 1.5/1 in the first pass and 5.8/1. .1.5/1 and 1.5/1 ^n 
subsequest passes for a total of 19.6 times total longitudinal 
expansion. The tape was heated to 250-C and transversely expanded 
to 7.4 times the width of the extrudate while constrained from 
shrinkage and then to 360-C while still constrained. The membrane 
had a density of 0.2 g/cc. its air permeability was a Frazier 
number of 156 and it had a efficiency of 66.3X of 0.3 um particles. 

"^IfTPlftg 1-4 and 6 

Other examples were made using the above procedure with 
various polytetrafluoroethylene coagulated dispersion powders. 
The only operating variables were the amount of extrusion aid used 
and the total amount of longitudinal expansion. These operating 
variables are shown In Table II with the air resistance, the air 
permeability in Frazier numbers and the percent efficiency in 
capturing 0.3 jum and larger particles for each sample. 



wo 90/08801 



-14- 



PCr/US90/00498 



u 

g 



^ m 



tn %D ^ \o ^ 
m ^ ro to CO 



■8 

u 

O 
i. 

o. 



O CM \D ^ « 

^ o oi Ok m 
eg csi ^ 



c. 

10 



00 



o 

o 

s ^ 

** X 

«A 



O 



tn o\ CO m lA 
«o to ^ eo CM 



» 01 

O ID 



o ^ 



eg o o o « o 



CA CD 
0» .P- 



ooeineoo 



§ 



CM cn ^ tn lO E 



Oi c 
^ 10 

fo a. 
ei 

~ c 

01 



Vi 




c 




ta 


o 


n 


c 






(J 


<0 


M 










> 


















1 


1 




U 








«0 








Q. ^ 


E 




VI 






<0 






o 


o 


E 




(«- 


E 


Q. 


u 






Ho 


o 


*c 

9 


o. 


m 


O 


I 








C 


I- 


o 




O 








C 


< 




< 













wo 90/08801 



PCr/US90/00498 



-15- 

Whfrt U Claimed: . 

1. A thin, low density, porous polytetrafluoroethylene membrane 
having a very open structure defined by small nodes 
Interconnected with fibrils, said membrane characterized by 
having a porosity equal to or greater than 90X, a density of 
0.2 g/cc or less, and permeabilities to air between Frazler 
numbers of 100 and 350. 

2. The membrane of Claim 1 wherein the majority of the nodes are 
arranged In series of generally aligned parallel rows across 
the membrane, and are connected node to node by fibrils and 
bundles of fibrils and the rows are connected to each other by 
long fibrils. 

3. The membrane of Claim 1 wherein the membrane is a film of a 
thickness of less than 1 mil. 

4. The membrane of Claim 2 wherein the membrane is a film of a 
thickness of less than 1 mil. 

5. The membrane of Claim 4 wherein the permeability to air is 
between Frazier numbers of 150 to 300. 

6. An air filtration device containing a membrane of Claim 1 as 
the filter. 

7. An air filtration device containing a membrane of Claim 2 as 
the filter. 
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FIG. 1 
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